New York Policy and Outcomes After Cardiac Arrest
American Heart Association in 2013 published guidelines recommending against routine public reporting of PCI outcomes in resuscitated cardiac arrest. 9 Despite this report, exclusion of cardiac arrest from publicly reported mortality statistics has not been uniformly adopted by all states. [10] [11] [12] As a result of increasing concern about the impact of physician risk aversion, the New York State Department of Public Health has excluded very selected patients with cardiac arrest and hypoxic brain injury who undergo PCI from public reporting of in-hospital mortality since January 1, 2010. 12 In contrast to the broad exclusion of patients with cardiogenic shock, 4,5 the cardiac arrest exclusion was narrowly defined, requiring documentation of anoxic encephalopathy by a consulting neurologist or intensivist and a chart documentation of consultant agreement with the decision to withdraw care or family requests for care to be withheld. 12 With this in mind, we assessed the change in rates of coronary angiography, PCI, and in-hospital mortality, first, among all myocardial infarction (MI) patients with cardiac arrest and, second, among those with arrest complicated by hypoxic brain injury before and after this policy change in 2010 in New York, compared with several other states during the same time period.
Methods

Study Population
The State Inpatient Databases consist of a group of comprehensive, all-payer, deidentified, inpatient discharge records from hospitals within a given state, published by the Agency for Healthcare Research and Quality as part of the Healthcare Cost and Utilization Project. In this analysis, we utilized the state inpatient databases for New York, Massachusetts, Michigan, and New Jersey from January 1, 2003, to December 31, 2013, and in California from January 1, 2003 , to December 31, 2011 (because of availability). New York State was considered to be the primary analytic cohort with the other states included as comparators to control for secular trends. Michigan, New Jersey, and California do not publicly report mortality after PCI, whereas Massachusetts does publicly report mortality and includes patients with cardiac arrest. 10 Massachusetts was included as a comparator state as it lacks a cardiac arrest exclusion, 10 and thus was not expected to significantly affect conclusions on the specific exclusion policy evaluated. However, as Massachusetts, in 2009, began permitting exclusion of selected PCI cases from public reporting for exceptional risk as determined through an individual adjudication protocol, 10 a sensitivity analysis was also performed removing Massachusetts from the analysis to evaluate whether conclusions were altered.
Patients were included in the analysis if they were admitted with a primary or secondary discharge diagnosis of acute MI (AMI) and cardiac arrest in either order using International Classification of Diseases, Ninth Edition, Clinical Modification codes. We used discharge codes for AMI, defined by non-ST-segment-elevation MI (410.71 and 410.91) and ST-segment-elevation MI (410.11-410.61 and 410.81) that have been validated in other data sets previously. 13 Cardiac arrest was identified using code 427.5. Patients admitted to hospitals without the capacity to perform PCI or low-volume PCI centers (<10 PCI/y) were excluded. In addition, patients whose disposition was to a short-term facility were excluded to avoid double counting of hospitalizations for the same presentation, but patients transferred to a hospital were included in the analysis. As all patient-level data were deidentified, this study was considered to be exempt from institutional review board approval and research was conducted in accordance with the data use agreement as specified by the Healthcare Cost and Utilization Project, a product of the Agency for Healthcare Research and Quality.
Measurements
Demographic characteristics and pertinent covariates, including patient age, sex, race, and 29 comorbid conditions as defined by the risk-adjustment model developed by the Agency for Healthcare Research and Quality 14 were abstracted from the data set ( 16 The primary outcomes of the study were the receipt of coronary angiography or PCI and inhospital all-cause mortality.
Statistical Analysis
Continuous variables are expressed as means+SDs, and dichotomous categorical data are presented as percentages. The data set was stratified into 2 cohorts reflecting the period before the New York State policy change (2003) (2004) (2005) (2006) (2007) (2008) (2009) (2010) ) and the period after this change (2010) (2011) (2012) (2013) . Patient characteristics were compared for the periods before and after the policy change for the total sample and in New York and comparator states separately using the t test for continuous variables and the χ 2 test for categorical variables. To evaluate the association of the policy change with rates of coronary angiography, PCI, and in-hospital death for the subgroup of patients with AMI and cardiac arrest, we used a difference-in-differences approach, utilizing a Modified Poisson regression model to evaluate the relative risk of outcomes between New York and comparator states in both the pre-and postpolicy periods (before and after 2010), and evaluating a state×time period interaction term ( Figure I in the Data Supplement). Hospital site was included as a random effect in the model to adjust for the clustering of outcomes by hospital. In addition, the regression
WHAT IS KNOWN
• Public reporting of outcomes after PCI is used to compare quality of physicians and hospitals.
• Public reporting of outcomes may lead to inappropriate exclusion of patients from PCI because of perceived high risk.
• Because of concern about physician risk avoidance, in 2010, the New York State Department of Public Health excluded selected patients with cardiac arrest and hypoxic brain injury who undergo PCI from public reporting, but the impact of this policy is unknown.
WHAT THE STUDY ADDS
• The New York State exclusion of selected patients with cardiac arrest from public reporting in 2010 did not impact rates of PCI or in-hospital mortality.
• Rates of coronary angiography or any revascularization remained lower in New York than in referent states throughout the study period.
• Mortality declined in all states over the study period but remained >40%.
• Results were similar when limited to those patients with coma or anoxic brain injury and cardiac arrest. model incorporated covariates for age, gender, ST-segment-elevation MI presentation, and the 29 comorbid medical conditions previously mentioned. In addition, to evaluate for yearly temporal trends in treatment and mortality before and after the policy, we constructed similar Modified Poisson multivariate regression models with calendar year as a categorical variable, using each year as a category and 2003 as the reference year.
Sensitivity analyses were performed through repetition of the primary analysis after serial removal of individual comparator states to ensure that the results were not driven by one state. To evaluate for changes in coding that could confound the observed results, we separately evaluated the overall rates of cardiac arrest (as a primary or secondary discharge diagnosis) during the study time period for individuals with AMI (as a primary or secondary diagnosis) and the subgroup of these individuals with coma or anoxic brain injury. All statistical analyses were performed using the statistical software, SAS version 9.4 (SAS Institute Inc, Cary, NC), utilizing 2-sided P<0.05 to denote significance. Table 1 . In both New York and elsewhere, rates of coronary angiography and PCI were higher after 2010, whereas rates of coronary artery bypass grafting declined (Table 2) . Unadjusted rates of coronary angiography or any revascularization (PCI or coronary artery bypass grafting) were lower in New York than in comparator states both before and after 2010. Unadjusted in-hospital mortality remained >40% but declined in both New York and comparator states over the study time period (New York: 42.9% post-2010 and 46.8% pre-2010; P=0.003 and comparator states: 45.6% post-2010 and 53.2% pre-2010; P<0.001).
After multivariable adjustment for patient demographics and comorbid risk factors, adjusted rates of coronary angiography for MI patients with cardiac arrest remained lower in New York than in comparator states, with no change after the policy implementation (adjusted relative risk [ In the subgroup with cardiac arrest post-AMI and coma or anoxic brain injury, no significant effect of the policy exclusion on outcomes was observed (Table 3 ). Adjusted coronary All data are presented as n (%) of subjects unless otherwise indicated. MI indicates myocardial infarction. *Age on admission. 
Discussion
In this study, we observed that the policy to exclude cardiac arrest patients with anoxic brain injury in New York did not significantly change rates of coronary angiography, PCI, or in-hospital mortality for those individuals with cardiac arrest after AMI. Although rates of coronary angiography, PCI, and any revascularization for patients with cardiac arrest increased in all states over time, they remained lower in New York than in California, Massachusetts, Michigan, and New Jersey throughout the study period. These differences in invasive management were strongest among patients with cardiac arrest with concomitant coma or brain death, despite the policy change targeted at addressing this population.
Many previous studies of have shown results consistent with avoidance of high-risk patients by physicians in public reporting environments. [4] [5] [6] [7] [8] To mitigate these effects, both Massachusetts and New York have changed their public reporting methodology, in both cases, to remove potential disincentives to treat high-risk patients such as those with cardiogenic shock or cardiac arrest. In 2006, New York began excluding patients with cardiogenic shock from publicly reported mortality metrics. 12 The 2006 policy in New York resulted in increased rates of PCI and decreased in-hospital mortality in New York despite persistently lower overall rates of PCI relative to other states. 4, 5 However, the 2010 change in policy around the exclusion of selected patients with cardiac arrest had not been evaluated previously.
The results of this study are consistent with the idea that such a policy was not sufficient to mitigate physician reluctance to perform procedures in high-risk cases in a public reporting environment. This reluctance may be because of the limited scope of the policy change or continued skepticism among PCI operators on the adequacy of the publically reported risk-adjustment methods used.
The New York State policy exclusion for patients with cardiac arrest after AMI and anoxic brain injury was narrowly defined, and as such, only 103 patients in years 2010 to 2013 with cardiac arrest after AMI and anoxic brain injury who expired were excluded from the publicly reported riskadjusted mortality, representing 0.07% of all PCI cases during 2010 to 2012 years. 12 Although the New York policy change may have increased the number of individuals with cardiac arrest receiving PCI meeting the narrow exclusion criteria, this information is not captured in the administrative data. However, our study demonstrates that this narrow exclusion was insufficient to alter rates of PCI for the overall population with cardiac arrest. It is possible, therefore, that the narrowly defined exclusion criteria would apply to a small number of patients and would be insufficient to counter physician concerns on inadequate risk adjustment and the perceived risk of public reporting and thereby would be unsuccessful in influencing PCI operator behavior. Guidelines from the American Heart Association published in 2013 currently recommend the broader exclusion of all cardiac arrests from public reporting. 9 Moreover, although there is robust evidence from randomized trials supporting the role of emergent PCI in cardiogenic shock, 17 In-hospital mortality rates among patients with cardiac arrest declined over time, but remained >40% throughout the study period in both New York and elsewhere. Notably, adjusted in-hospital mortality rates were similar or lower in New York than in comparator states despite the lower revascularization rates. This finding may reflect other difference in quality of care unrelated to coronary revascularization, as well as accurate identification of patients with cardiac arrest for whom PCI may be medically futile in New York, especially given the high-reported mortality in patients with cardiac arrest. Whether increasing the rates of coronary revascularization in New York would change overall mortality results significantly remains unknown.
There are several limitations to this study that are worth noting. First, the data are abstracted from claims data and have limitations including potential errors in coding, inability to capture all relevant comorbidities, and limited data on prehospital and post-resuscitative measures that may be potential confounders (eg, quality of cardiopulmonary resuscitation, response times, and temperature management). In addition, the International Classification of Diseases, Ninth Edition, code for cardiac arrest is not specific for out-of-hospital cardiac arrest and may include inpatient cardiac arrests as well for whom physician decision making may differ. The study is observational in nature, and although we conducted an analysis controlling for secular trends through a difference-in-difference approach, causal relationships between the New York policy change and subsequent outcomes cannot be assumed. Next, it is possible that certain regional trends may explain differences in patterns observed. We purposefully chose a geographically diverse control population to help mitigate this concern, and the results from the sensitivity analysis sequentially removing each state were consistent with overall findings. Finally, we were limited in the data set to study in-hospital outcomes.
Conclusions
Patients presenting the MI complicated by cardiac arrest in New York State have lower rates of angiography and PCI compared with other states. These trends continued after the implementation of a policy to excluded selected cardiac arrest patients from public reporting in New York. Mortality after cardiac arrest was high throughout the study period.
